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result of catheterization or other interventional procedures. In several of the

preferred embodiments, the sealing device includes a sealing member and

a tether. The sealing member generally performs the function of occupying

a space in an incision, puncture, or other wound and sealing the space in the

incision, puncture, or wound that it occupies, to prevent further blood flow.

The tether is typically attached in some manner to the sealing member, and

provides the user with the ability to withdraw the sealing member if nec-

essary. In a particularly preferred form, the sealing device further includes

a restraining member that provides the ability to more securely restrain the

sealing member to prevent it from migrating from the deployment location

within a tissue tract.
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VASCULAR PLUG HAVING COMPOSITE CONSTRUCTION

FIELD OF THE INVENTION

The present invention relates generally to apparatus and methods for sealing or

closing passages through tissue, and more particularly to devices for sealing punctures or other

5 openings communicating with body lumens, such as blood vessels.

BACKGROUND OF THE INVENTION

Catheterization and interventional procedures, such as angioplasty or stenting, generally

are performed by inserting a hollow needle through a patient's skin and muscle tissue into the

vascular system. A guide wire may then be passed through the needle lumen into the patient's

10 blood vessel accessed by the needle. The needle may be removed, and an introducer sheath

may be advanced over the guide wire into the vessel, e.g., in conjunction with or subsequent to

a dilator. A catheter or other device may then be advanced through a mmen of the introducer

sheath and over the guide wire into a position for performing a medical procedure. Thus, the

introducer sheath may facilitate introduction of various devices into the vessel, while

1 5 minimizing trauma to the vessel wall and/or minimizing blood loss during a procedure.

Upon completion of the procedure, the devices and introducer sheath may be removed,

leaving a puncture site in the vessel wall. External pressure may be applied to the puncture site

until clotting and wound sealing occur. This procedure, however, may be time consuming and

expensive, requiring as much as an hour of a physician's or nurse's time. It is also

20 uncomfortable for the patient, and requires that the patient remain immobilized in the operating

room, catheter lab, or holding area. In addition, a risk ofhematoma exists from bleeding

before hemostasis occurs.

Various apparatus have been suggested for percutaneously sealing a vascular puncture

by occluding the puncture site. For example, U.S. Patent Nos. 5,192,302 and 5,222,974, issued

25 to Kensey et al., describe the use of a biodegradable plug that may be delivered through an

introducer sheath into a puncture site. When deployed, the plug may seal the vessel and

provide hemostasis. Such devices, however, may be difficult to position properly with respect

to the vessel, which may be particularly significant since it is generally undesirable to expose

the plug material, e.g., collagen, within the bloodstream, where it may float downstream and

30 risk causing an embolism.

Another technique has been suggested that involves percutaneously suturing the

puncture site, such as that disclosed in U.S. Patent No. 5,304,184, issued to Hathaway et al.

Percutaneous suturing devices, however, may require significant skill by the user, and may be

mechanically complex and expensive to manufacture.

1
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Staples and surgical clips have also been suggested for closing wounds or other

openings in tissue. For example, U.S. Patent Nos. 5,007,921 and 5,026,390, issued to Brown,

disclose staples that may be used to close a wound or incision. In one embodiment, an "S"

shaped staple is disclosed that includes barbs that may be engaged into tissue on either side of

5 the wound. In another embodiment, a ring-shaped staple is disclosed that includes barbs that

project from the ring. These staples, however, have a large cross-sectional profile and

therefore may not be easy to deliver through a percutaneous site to close an opening in a vessel

wall.

United States Patent No. 6,033,427, issued to Lee, discloses a method and device for

10 sealing internal puncture sites which, in one embodiment, uses a dual lumen bleed back system

in which the distal bleed back ports are axially spaced from each other such that when the

obturator is in a certain location, there will be bleed back through one of the lumens, but not

through the other.

In addition, skin seals have been proposed that may be threaded into an opening in skin.

15 For example, U.S. Patent No. 5,645,565, issued to Rudd et al., discloses a surgical plug that

may be screwed into a puncture to seal the puncture. The surgical plug includes an enlarged

cap and a threaded shaft that extends from the cap. During an endoscopic procedure, the plug

may be threaded into an opening through skin until the cap engages the surface of the skin.

The plug is intended to seal the opening communicating with a body cavity to prevent

20 insufflation fluid from leaking from the cavity. Such plugs, however, may only be used at the

surface of the skin, and may not be introduced through tissue, for example, to seal an opening

in the wall of a blood vessel or other subcutaneous region.

Various methods and means for determining the location of the distal end of a closure

device have been proposed, including "bleed back" methodology such as that disclosed in

25 United States Patent No. 4,738,658 issued to Magro et al. However, prior bleed back devices

have been constructed such that blood flow out ofthe patient continues for a longer period of

time during deployment of the sealing means than would be desirable.

A further development in bleed back technology is disclosed in published United States

Patent Application 2004/0019330, in which a control element having an enlarged distal end is

30 used both to control blood flow through the blood vessel puncture and to provide an indication

of the position of the distal end of an introducer sheath by withdrawing the enlarged distal end

from the lumen of the blood vessel into the puncture in the wall of the blood vessel such that

bleed back is, according to this published application, stopped.

Leschinsky Patent No. 5,871,501 discloses the use of an anchor on a guide wire to

2



WO 2006/078578 PCT/US2006/001373

provide an indication of the location of the wall of a blood vessel to assist in the placement of a

hemostatic material to block flow of blood out of a puncture in the vessel.

Although these and other methods and devices have been proposed for deploying a plug

to prevent blood flow from a puncture in a blood vessel, a need remains for a safe and effective

5 device and method for deploying a plug for this purpose, and for plugs that are more easily

deployed and that provide improved prevention of blood flow.

SUMMARY OF INVENTION

The present invention is directed to improved vascular sealing devices used to seal

incisions and/or punctured blood vessels, and to methods of using the devices as well. The

10 vascular sealing devices are particularly useful for sealing incisions and punctures that result

from catheterization or interventional procedures, such as angioplasty or stenting, although

they are not limited to such uses. These incisions and punctures are commonly made to the

femoral artery, and the devices described herein are particularly adapted for these purposes. It

should be understood, however, that the devices may also be used to seal incisions and/or

1 5 punctures in other blood vessels or organs.

In several of the preferred embodiments, the sealing device includes a sealing member

and a tether. The sealing member generally performs the function of occupying a space in an

incision, puncture, or other wound and sealing the space in the incision, puncture, or wound

that it occupies, to prevent further blood flow. The tether is typically attached in some manner

20 to the sealing member, and provides the user with the ability to withdraw the sealing member if

necessary. In certain embodiments, the tether also provides the user with the ability to

manipulate the sealing member for desired effect, such as to radially expand the sealing

member within the incision. In a particularly preferred form, the sealing device further

includes a restraining member associated with the sealing member. The restraining member

25 provides the ability to more securely restrain the sealing member to prevent it from migrating

from the deployment location within a tissue tract. The restraining member may also provide

an additional capability of manipulating the sealing member after deployment.

In several preferred embodiments, it is desirable to have the sealing member material

expand when the sealing member is deployed and exposed to blood flow from the target vessel.

30 This expansion may cause the sealing member, and therefore the sealing device, to expand

radially upon deployment and to thereby engage the incision tissue more firmly, thus tending to

prevent migration of the sealing device and increase the effectiveness of the seal.

The sealing device may take any of a variety of different forms or shapes depending

upon the nature of the intended use, the material used to make up the device, and other factors.

3
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For example, the sealing device may take the form of an undefined mass in situations where

the size and/or shape of the sealing device is not a priority or where the sealing portion of the

device is restrained by a restraining portion. In another example, the sealing device takes the

form of a disc that is adapted to occupy an incision or puncture wound. Other examples

5 include multiple-disc sealing members, and a pair of discs serving as endcaps to a separate tube

shaped member. Still further examples include a solid or rolled tube and a mechanical flower.

Other and further shapes and sizes are possible, as is any combinations of these shapes and

sizes.

Preferably, the tether is attached to the sealing member and is adapted to extend

10 proximally from the sealing member, through and out of the incision, thereby allowing for

manipulation by the user. The tether may be used to adjust the sealing member after its

deployment, such as by increasing the effective radial dimension of the sealing member, or to

remove the sealing member altogether if necessary.

In several preferred embodiments, the sealing device has a composite structure that

15 includes one or more sealing members, as described above, and one or more restraining

members. Preferably, the restraining member provides the ability to more easily deliver a

sealing member and the ability to reduce the likelihood that the sealing member will migrate

after its deployment. In a particular preferred form, the restraining member comprises a

braided "sock" that encloses the sealing member and allows the sealing member to be more

20 easily delivered to an incision tract.

In several preferred embodiments, the sealing member, restraining member, and the

tether of the vascular sealing device are preferably formed of bioabsorbable materials such as

collagen, polyglycolic acids (PGAs), polylactides (PLAs), hydrogel, or gel-foam. These

materials may be provided in solid, gel, foam, felt, or other forms. Ofthese, hydrogels, such as

25 hydroxypropyl cellulose (HPC) hydrogels, are particularly preferred to be used to make the

sealing member due to several of their physical properties. In particular, hydrogels are highly

absorbent and exhibit high mechanical strength after absorbing a large amount of liquid.

In several alternative embodiments, the sealing device has a composite structure that

includes one or more sealing members, as described above, and one or more restraining

30 members. In the alternative embodiments, either the sealing member or the restraining

member is formed of a non-bioabsorbable material, while the other member is formed of a

bioabsorbable material. Thus, in the alternative embodiments, a bioabsorbable sealing member

may be associated with a non-bioabsorbable restraining member, or a non-bioabsorbable

sealing member may be associated with a bioabsorbable restraining member, Examples of

4
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non-bioabsorbable materials suitable for use in the sealing member or restraining member

include nylon, stainless steel, ceramic materials, titanium, gold, platinum, nickel, nickel-

titanium alloys, other metals and metal alloys, and other conventional materials suitable for

medical use. For example, the restraining member may be formed of a nylon mesh, or of a

5 mesh or braids of stainless steel filaments.

The vascular sealing devices described herein may be deployed by any suitable

mechanism. One such mechanism particularly adapted for deploying such devices in an

incision created by a catheterization or interventional procedure is described in co-pending

United States Patent Application Serial No. 10/850,795, entitled "Locator and Delivery Device

10 and Method of Use," filed on May 21, 2004, and assigned to Ensure Medical, Inc., the assignee

herein. The foregoing application is hereby incorporated by reference in its entirety as if fully

set forth herein.

The descriptions herein are particularly directed to sealing puncture wounds created

during catheterization or interventional procedures, particularly to such wounds in the femoral

1 5 artery, but it is to be understood that the vascular sealing devices of the present invention can

be used to seal other blood vessels and puncture wounds in them. With that understanding, we

turn to a more detailed description of the preferred embodiments.

DESCRIPTION OF THE DRAWINGS

Figure 1A is an illustration of a vascular sealing device according to the present

20 invention.

Figure IB is an illustration of the device shown in Figure 1 A, shown in an expanded

state.

Figure 2B is an illustration of the device shown in Figure 2A, shown in an unexpanded

state.

25 Figure 2C is an illustration of the device shown in Figure 2A, shown in an expanded

state.

Figure 3A is an illustration of another vascular sealing device according to the present

invention, shown within a delivery tube prior to deployment.

Figure 3B is an illustration of the vascular sealing device shown in Figure 3A, shown

30 after deployment by a delivery tube.

Figure 3C is an illustration of the vascular sealing device shown in Figure 3A, shown

after alignment and compression of the discs contained on the device.

Figure 4A is an illustration of another vascular sealing device according to the present

5
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invention, shown after deployment by a delivery tube.

Figure 4B is an illustration of the vascular sealing device shown in Figure 4A, shown

after compression of the end caps contained on the device.

Figure 5A is an illustration of another vascular sealing device according to the present

invention.

Figure 5B is an illustration of a process for loading the sealing device shown in Figure

5A into a delivery tube.

Figure 5C is an illustration of a the sealing device shown in Figure 5A
5
shown after

deployment from the delivery tube.

Figure 5D is an illustration of a process for making another vascular sealing device

according to the present invention.

Figure 5E is an illustration of a vascular sealing device that is the product of the process

shown in Figure 5D.

Figure 5F is an illustration of the vascular sealing device shown in Figure 5E, shown as

loaded into a delivery tube.

Figure 5G is an illustration of the vascular sealing device shown in Figure 5E, shown

after deployment from the delivery tube.

Figure 6A is an illustration of another vascular sealing device according to the present

invention.

Figure 6B is an illustration of the device shown in Figure 6A, shown in an expanded

state.

Figure 7A is an illustration of another vascular sealing device according to the present

invention.

Figure 7B is an illustration of the device shown in Figure 7A, shown in an expanded

state.

Figure 8A is an illustration of another vascular sealing device according to the present

invention.

Figure 8B is an illustration of the vascular sealing device shown in Figure 8A, shown in

an expanded state.

Figure 9A is an illustration of a pad used as a starting material for a sealing member.

Figure 9B is an illustration of a process for compressing the pad shown in Figure 9B.

Figure 9C is an illustration the pad shown in Figure 9A, after compression, shown

partially rolled into a coiled form.
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Figure 9D is an illustration of a tube of braided material suitable for use as a restraining

member according to the present invention.

Figure 9E is an illustration of part of a process of inserting the pad shown in Figure 9A

in its coiled form into the tube shown in Figure 9D.

5 Figure 9F is an illustration of a vascular sealing device according to the present

invention.

Figure 9G is an illustration of the device shown in Figure 9F, shown in an expanded

state.

Figure 9H is an illustration of a vascular sealing device similar to that shown in Figure

1 0 9F, further including a separate tether member.

Figure 91 is an illustration of the device shown in Figure 9H, shown in an expanded

state.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

15 Figures 1A and IB are rudimentary illustrations of a vascular sealing device in

accordance with the present invention. The device 20 includes a sealing member 22 retained

on a tether 24. The sealing member 22 is preferably retained on the tether 24 at or near its

distal end point by a stop member 26 formed at the distal end of the tether 24. The stop

member 26 is preferably a knot formed at the distal end of the tether 24. Figure 1A shows the

20 device in its unexpanded, predeployment state. Figure IB shows the device after it has

expanded due to fluid exposure.

The sealing member 22 is fonned from a material that is able to expand, or to be

expanded, once the sealing device 22 is deployed for use. The sealing member is preferably

formed from a bioabsorbable material, but, in several alternative embodiments, the sealing

25 member may be formed from a non-bioabsorbable material. Examples of suitable

bioabsorbable materials include bioabsorbable collagen, polyglycolic acids (PGAs),

polylactides (PLAs), polyglycol-lactides (PGLAs), hydrogels, and gel-foams. These materials

may be provided in solid, gel, foam, felt, or other forms as appropriate for the particular

application. Of these materials, hydrogels are particularly preferred due to several of their

30 physical properties. A hydrogel is an absorbent, microporous gel comprising a crosslinked

polymer having interconnected fluid cells distributed throughout its mass. Hydrogels absorb

fluids very quickly, and exhibit high mechanical strength even after absorbing large amounts of

fluids. Moreover, hydrogels typically expand isotropically, meaning that they are able to

maintain their original shapes during and after expansion due to fluid absorption. Additional
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information relating to hydrogels suitable for use in the vascular sealing devices described

herein can be found in United States Patent Nos. 5,573,994 and 6,030,442, each of which is

incorporated herein by reference in its entirety as if fully set forth herein.

Examples of nonbioabsorbable materials that may be used to form the sealing member

22 include nylon, stainless steel, ceramic materials, titanium, gold, platinum, nickel, nickel-

titanium alloys, other metals and metal alloys, and other conventional materials suitable for

medical use.

The sealing member 22 of the device shown in Figure 1A has a generally tubular shape

that surrounds the tether 24 near its end. The sealing member 22 may be loosely or firmly

secured to the tether 24 by conventional means, or it may be allowed to slide along at least a

portion of the length of the tether 24.

The tether 24 shown in the Figure 1A sealing device performs at least the function of

providing the user the ability to retrieve the sealing device 20 from its deployed state if

necessary. The tether 24 is preferably formed of conventional suture material, such as a

biodegradable polymer having sufficient tensile strength to perform the above functions.

Examples of such materials include PGA, PLA, and PGLA polymers. Alternatively, the tether

may be formed of a non-bioabsorbable material such as those described above.

The stop member 26 shown in the Figure 1A sealing device performs at least the

function of retaining the sealing member 22 on the tether 24. The stop member 26 may be

formed of any biocompatible material suitable to perform this purpose. Alternatively, as in the

device 20 shown in Figures 1A and IB, the stop member 26 may comprise a knot formed at the

end of the tether 24.

The sealing device 20 is particularly adapted to be used to seal an incision, puncture, or

other wound found in the body of a patient, typically a human or other mammal. The device

20 may be delivered to the wound site by any suitable means. For example, in the case of an

incision created to gain access to the femoral artery for a catheterization or other interventional

procedure, the device may be delivered to the incision tract using the delivery device described

in co-pending United States Patent Application Serial No. 10/850,795, entitled "Locator and

Delivery Device and Method of Use," filed on May 21, 2004, and assigned to Ensure Medical,

Inc., the assignee herein (hereinafter referred to as "the
c

795 application"). The delivery device

described in the
6795 application is adapted to deliver a vascular plug or other sealing device in

an incision tract to a point proximal to the blood vessel. In the case of the vascular sealing

device 20 shown in Figure 1A herein, once deployed, the sealing member 22 is exposed to

blood flow from the blood vessel. This exposure causes the sealing member 22 to expand due

8
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to absorption of the blood, as shown in Figure IB. This expansion of the sealing member 22,

which has been inserted into the incision tract, causes the sealing member 22 to lodge itself

firmly in the incision tract, thereby preventing the sealing device 20 from migrating out of

position and creating an effective seal that prevents blood flow from the vessel.

5 The components making up the sealing device 20 may be fonned entirely of

bioabsorbable materials, or they may be formed of a combination of bioabsorbable and non-

bioabsorbable materials. For example, the sealing member 22 may be fonned of one or more

bioabsorbable materials, while the tether 24 is formed of a nonbioabsorbable material. Other

combinations are also possible.

10 Optionally, a clotting agent or other hemostasis promoting material - such as a

thromboplastin or other conventional clotting agent- may be incorporated into, added to, or

used in combination with the sealing device 20.

Figures 2A through 2C show an alternative embodiment of a vascular sealing device 20

in which the tether 24 is used to enclose and retain the sealing member 22. With reference to

1 5 Figure 2A, the device 20 includes a sealing member 22 and a tether 24. The sealing member

22 and tether 24 may be fonned of any of the same materials described above in relation to the

sealing device 20 shown in Figures 1A and IB. The tether 24 is formed in a surgical knot 25 at

its distal end in order to loosely enclose the sealing member 22. In Figure 2B, the device 20 is

shown with the surgical knot 25 snugged in order to more firmly enclose and retain the sealing

20 member 22 prior to deployment of the device. Upon deployment into an incision tract, the

sealing member 22 comes into contact with blood flowing from a vessel and expands,

providing a seal, as shown in Figure 2C.

Turning to Figures 3A through 3C, an alternative embodiment of a vascular sealing

device 20 includes a number of disc-shaped sealing member 22a-d that are slidably attached to

25 the end of a tether 24. A stop member 26, preferably a knot formed at the distal end of the

tether, retains the sealing members 22a-c on the tether 24. The disc-shaped sealing members

22a-d and tether 24 may be fonned of any of the same materials described above in relation to

the sealing device 20 shown in Figures 1A and IB.

Turning first to Figure 3A, the sealing device 20 is shown loaded into a delivery device

30 1 00, the distal end of which is shown in the Figure. The delivery device has a cylindrical

delivery tube 102, shown in cross-section in Figure 3A, which in turn has an opening 104 at its

distal end. The internal space defined by the interior of the delivery tube 102 is adapted to

receive and retain the sealing device 20 for delivery to an incision. Once the delivery device

100 is placed into the incision at the appropriate location for delivery of the sealing device 20,

9
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the sealing device 20 is deployed through the opening 104 (by a plunger, by retraction of the

delivery tube 102, or by another mechanism associated with the delivery device) and into the

incision tract, adjacent to the blood vessel opening.

As shown in Figure 3A, the disc-shaped sealing members 22a-c are spaced apart

5 slightly on the tether 24 in order to be slanted at an angle relative to the axis defined by the

tether 24 as they are loaded into and retained within the delivery device. This slanting reduces

the radial profile of the disc-shaped sealing members 22a-c, allowing them to be loaded into a

smaller diameter delivery tube than would be needed if the sealing members 22a-c were loaded

without the slant.

10 Figure 3B shows the sealing device 20 after delivery within an incision tract and

withdrawal of the delivery device 100. At this point, the sealing members 22a-d remain in the

slanted, spaced-apart orientation that they occupied within the interior of the delivery tube 102.

Also at this point, the disc-shaped sealing members 22a-d are exposed to blood flow and begin

to expand. As shown in Figure 3C, it is possible and desirable to align and compress the

15 individual disc-shaped sealing members 22a~c by backing the delivery tube 102 up against the

most proximally located disc 22d, and pulling on the tether 24 (see arrow "A" in Figure 3B) to

cause the individual discs 22a-d to align and compress against one another while being retained

on the tether 24. The effect is to form a radially compressed sealing member 22a-d having an

effectively larger radial dimension. The compressed sealing member 22a-d is thereby lodged

20 firmly within the incision tract, seals the tract against blood flow from the blood vessel, and

promotes hemostasis.

Figures 4A and 4B show still another alternative embodiment of the sealing device 20.

In this embodiment, the device includes a sealing member 22 formed as a tube that surrounds a

portion of a tether 24. A first endcap 28 is attached to the end of the tether 24, and a second

25 endcap 29 is slidably attached to the tether 24 just proximally of the tubular sealing member

22. The tubular sealing member 22 and tether 24 may be formed of any of the same materials

described above in relation to the sealing device 20 shown in Figures 1A and IB. The end caps

28 and 29 are preferably in the form of solid or semi-solid discs. The end caps may be formed

of either a bioabsorbable material or a non-bioabsorbable material. In the preferred

30 embodiment, the end caps are formed of a bioabsorbable material, preferably polymeric.

The device 20 shown in Figures 4A and 4B may be delivered with a delivery device

100 as shown in Figure 4A. The device 20 may be expelled from the delivery tube 102

through the opening 104 at its distal end by a plunger 106, or, alternatively, the delivery tube

102 is withdrawn from around the sealing device 20 as the sealing device 20 is retained in

10
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place in an incision tract. In either case, the sealing device 20 and delivery device 100 are

separated, leaving the sealing device in place within an incision tract.

After delivery, the sealing device 20 may be compressed in a manner similar to that

described above in relation to Figures 3A through 3C. In reference to Figure 4B, the plunger

5 106, the delivery tube 102, or some other member may be placed against the second endcap 29

to provide a back up, and the tether 24 is then drawn taught (see arrow "A") in order to drive

the two endcaps 28, 29 toward one another and compress the tubular sealing member 22.

Alternatively, the tether 24 may be simply held taut, and the second endcap 29 is then forced

down toward the first endcap 28 by the plunger 106, the delivery tube 102, or other member

10 (see arrows "B"), compressing the tubular sealing member 22 in the process. In either event,

tire end result is that shown in Figure 4B, with the tubular sealing member 22 compressed

radially (see arrows "E") to cause the sealing device to lodge firmly in the incision tract and to

provide a seal against blood flow from the blood vessel.

Turning next to Figures 5A through 5G, a still further alternative embodiment of the

1 5 sealing device 20 is shown. In reference to Figure 5A, the sealing device 20 includes a pair of

disc-shaped sealing members 22a-b that are attached to a tether 24 near its distal end. The

disc-shaped sealing members 22a-b and tether 24 may be formed of any of the same materials

described above in relation to the sealing device 20 shown in Figures 1A and IB. Moreover,

although two disc-shaped sealing members 22a-b are shown in the Figures, more or fewer disc-

20 shaped sealing members may be provided.

As shown in the Figures, the discs are separated by only a small amount of space,

unlike the embodiment shown in Figures 3A-B. Therefore, as shown in Figure 5B, in order to

load the disc-shaped sealing members 22a-b into the delivery tube 102 of a delivery device 100

(see arrow "L" in Figure 5B), the disc-shaped sealing members 22a-b are compressed radially

25 during the loading process (see arrows "C" in Figure 5B). In many cases, one result of this

radial compression is that the disc-shaped sealing members 22a-b remain in their compressed

state after delivery, i.e., after exiting the delivery tube 102. This effect is illustrated in Figure

5C 5
where a plunger 106 associated with the delivery device 100 is shown deploying the

sealing device 20 by applying a force (see arrows "F") on the proximal end of the plunger 106.

30 After deployment, the radial dimension ( see arrows "d") of the sealing members 22a-b of the

sealing device 20 is approximately the same as the inner diameter of the delivery tube 102

(arrows "d"). This effect may be problematic in cases in which the disc-shaped sealing

members 22a-b are formed of a material that does not expand significantly upon deployment in

an incision tract, and in cases in which the tissue in which the incision tract is formed has

35 become inelastic due to, for example, multiple sheath exchanges during any surgical
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procedures. In those cases, the sealing member 22a-b will tend to have a radial dimension

(effective diameter) that may be slightly smaller than the diameter of the incision, and the

tissue surrounding the incision has insufficient elasticity to adequately collapse around the

sealing member 22a-b to cause it to firmly lodge in place.

5 One solution proposed herein is to provide a volumetric expansion member in

association with the sealing member. One example is shown in Figures 5D through 5G.

Turning to Figure 5D, each of the pair of disc-shaped sealing members 22a-b is provided with

a cylindrical void space at its center. The sealing members 22a-b are preferably formed from a

material that demonstrates a relatively small amount of expansion when exposed to fluids in

10 comparison to the expansion capability of the hydrogels described above. An example of a

suitable material is a PGA felt material. A separate volumetric expansion member 30 is

dimensioned to be inserted into the void space formed in the sealing member 22a-b. As shown

in Figure 5D, the expansion member 30 may be formed as a rolled sheet of highly expandable

material, such as a hydrogel foam pad, that is formed to surround the tether 24. The expansion

15 element 30 may then be inserted into the void space formed in the sealing element 22a-b, as

shown, for example, in Figure 5E.

The sealing device 20 is then loaded into a delivery device, as shown in Figure 5F. The

delivery device 100, like those described elsewhere herein, includes a delivery tube 102 and a

plunger 106 adapted to expel the sealing device 20 through the opening 104 at the distal end of

20 the delivery device 100, or to maintain the position of the sealing device 20 while the delivery

tube 102 is withdrawn. Upon deployment, the sealing member 22a-b, including the volumetric

expansion member 30, is exposed to blood flow from the blood vessel. Whereas the disc-

shaped sealing members 22a-b tend only to expand slightly upon exposure to fluids, the

expansion member associated with the sealing member 22a-b expands radially to a much

25 greater degree, as illustrated by arrows "E" in Figure 5G. This enhances the expansion of the

disc-shaped sealing members 22a-b, causing the sealing member 22a-b to more effectively seal

the incision tract against further blood flow and to promote hemostasis.

Although a particular orientation of the volumetric expansion member 30 in relation to

the sealing member 22a-b is illustrated in Figures 5D through 5G, it should be understood that

30 other and different orientations are also possible. For example, the volumetric expansion

member may be provided on the exterior of the sealing member, or it may be embedded

elsewhere within the sealing member. The expansion member may also take on forms other

than a rolled sheet, and the sealing member may take on forms other than the disc-shaped

members shown in the Figures. These and other variations are possible while obtaining the

35 advantages provided by a composite structure including one or more sealing members formed
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from a first material, and one or more volumetric expansion members formed from a second

material having substantially greater expansion capacity than the first material. The sealing

members and volumetric expansion members may be formed entirely of a combination of

bioabsorbable materials, or by a combination of bioabsorbable materials and non-

5 bioabsorbable materials.

Turning next to Figures 6A and 6B, an additional embodiment of a sealing device 20

includes a sealing member 22 in the form of a mechanical flower. The sealing member 22 is

preferably formed of a hydrogel or any of the other materials described herein. The

mechanical flower includes a number ofpetals 32 that project radially away from the core 34

10 of the flower. A tether 24 is attached to the core 34 and is adapted to extend out of an incision

upon deployment of the sealing device 20 in an incision tract.

The shape of the mechanical flower is selected due to its capacity for expanding after

deployment and exposure to blood flow. For example, as shown in Figure 6A, prior to

deployment (as, for example, while loaded in a delivery device 100), the mechanical flower

15 may be compressed such that all of the petals 34 extend in a single general direction and each

is in close proximity the others. Upon deployment, however, the mechanical flower is allowed

to "bloom," i.e., to expand such that the petals 34 separate from one another, as shown, for

example, in Figure 6B. This expansion may be caused by a combination of release from the

confines of the delivery device and the expansion attributable to the exposure of the

20 superabsorbent sealing member 22 to blood flow in the incision tract 50. This expansion

provides the capability for the sealing device to lodge firmly within a tissue tract and to seal the

tract against blood flow from the blood vessel 52.

Turning next to Figure 7, an alternative embodiment of the sealing device 20 includes a

collection of individual fibers 36 secured by a center tie 38. The fibers 36 are preferably

25 formed of an hydrogel or other expansive material such as those discussed herein. The center

tie 38 is also formed of one of the materials described above, but preferably a more rigid

material to provide a secure attachment to the collection of fibers 36 making up the sealing

member 22. A tether 24 extends from the center tie 38 and outward from an incision tract once

the sealing device 20 is deployed.

30 A construction of the sealing device that is particularly preferred is a composite

construction that includes a tether, a sealing member, and a separate restraining member. One

example of this structure is shown in the embodiment illustrated in Figures 8A and 8B. In this

embodiment, the sealing member 22 preferably comprises a bundle or other body of a material

such as a hydrogel or other of those materials discussed herein. The sealing member 22 may
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be in the form of a felt, a gel
?
a foam, or other solid or semi-solid material The sealing

member 22 is enclosed and retained by a restraining member 40. In the embodiment shown in

Figures 8A and 8B, the restraining member 40 comprises a porous basket, such as a knit,

braided, or woven fabric that encloses and/or encapsulates the sealing member 22. The

5 restraining member 40 preferably is formed from a material that is porous but fairly rigid

and/or that has fairly high tensile strength in order to adequately restrain the sealing member

22. The restraining member may comprise a fairly loose knit, a braided structure, a tightly-

woven fabric, or something in between. Preferably, both the sealing member 22 and the

restraining member 40 are formed from bioabsorbable materials. In alternative embodiments,

10 however, one of the sealing member 22 and the restraining member 40 is formed of a

bioabsorbable material, while the other is formed from a non-bioabsorbable material. Suitable

bioabsorbable and non-bioabsorbable materials are those described above.

The restraining member 40 shown in Figures 8A and 8B includes a mechanism for

selectively compressing and radially expanding the sealing member 22 enclosed within the

1 5 restraining member 40. The mechanism includes a cinch line 42 that runs through a channel 44

formed on the upper periphery of the restraining member 40. A snare knot 46 is formed on the

cinch line 42 in the channel 44 and provides the ability to draw the cinch line tight in order to

compress the sealing member 22 enclosed in the restraining member 40. When the cinch line

42 is drawn tight (see arrows "T" in Figure 8B), it changes the shape of the porous basket

20 fonning the restraining member 40 by reducing its height, causing the volume of the sealing

member 22 enclosed within the restraining member 40 to expand radially, as shown in Figure

8B. The material making up the restraining member 40 is preferably constructed in such a way

to facilitate this change of shape, such as by providing a looser or more flexible braided,

woven, or knit structure along the sides of the restraining member 40. The cinch line 42 and

25 snare knot 46 may be accessible by way of the tether 24, or by a separate line that extends from

the restraining member 40.

The sealing device 20 shown in Figures 8A and 8B may be deployed in a manner

similar to those described elsewhere herein. For example, the sealing device 20 may be

deployed in an incision tract by using a delivery device having a delivery tube that expels the

30 sealing device 20 from its distal end once properly located within the incision tract. Once

deployed, the sealing device 20 will encounter blood flow from the vessel being sealed, thereby

causing the sealing member 22 enclosed by the restraining member 40 to expand, including

radial expansion. In addition, the user may selectively tighten the cinch line 42 to compress the

sealing member 22 to provide additional radial expansion. In this way, the sealing device 20

35 may be expanded to firmly lodge the device within the incision tract to prevent its migration
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out of the tract and to seal the tract against blood flow.

Turning to Figures 9A through 91, an additional embodiment of a sealing device is

shown, as is a method ofmaking the sealing device. The sealing device shown in Figures 9A

through 91 is constructed to include a tether, a sealing member, and a restraining member.

5 Turning first to Figure 9A 5
in the preferred embodiment the sealing member 22 is a

hydrogel foam pad, although other bioabsorbable, highly-expandable materials may be used as

well. In other embodiments, the sealing member 22 may be formed from a non-bioabsorbable

material. The foam pad preferably has dimensions that allow it to be compressed and rolled (as

described below) to a shape and size suitable for receipt in a delivery device and for its

10 ultimate use as a sealing device in an incision tract. In order to optimize the volume and

capacity of the sealing member 22, it is preferable to compress the foam pad prior to

installation in the sealing device. One method ofperforming this compression step is to use a

compressive roller 1 10 to apply a compressing force to the pad, much like a rolling pin. This

method is illustrated by arrow "R" in Figure 9B. The result of the compression step is to

1 5 obtain a highly compressed, flat foam pad of hydrogel or other bioabsorbable (or non-

bioabsorbable) material.

Turning to Figure 9C, in the preferred embodiment, the sealing member is rolled into a

coil. The coil shape is preferred because it creates a low-profile sealing member in the dry

state that is capable of a high degree of radial expansion when the sealing member is exposed

20 to blood flow. The low profile in the dry state is useful to facilitate delivery of the sealing

device, while the high degree of radial expansion when exposed to fluid is useful to facilitate

firmly lodging the sealing device in an incision tract and sealing the tract against blood flow.

Other and different shapes and dimensions are also possible, and each may contribute more or

less to these objectives. For example, the sealing member may be a wadded or otherwise

25 compressed mass. The coiled sheet shape is a preferred embodiment.

Figure 9D shows a preferred restraining member 40 for use with the sealing device.

The restraining member 40 is a porous, tubular member formed of a knit, woven, or braided

material. The composition of the tubular restraining member 40 is preferably of a

bioabsorbable material, such as suture material formed from PGA, PLA, or PGLA. In

30 alternative embodiments, the restraining member 40 may be formed of a non-bioabsorbable

material, such as nylon or stainless steel filament mesh. The knit or braided structure allows

the restraining member 40 to expand when needed to accommodate the sealing member 22

within its interior.

Figure 9E provides an illustration of a process for inserting the sealing member 22, in
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this case a compressed and coiled sheet of hydrogel material, into the restraining member 40.

The arrow "A" indicates passage of the sealing member 22 into the interior space defined by

the restraining member 40, within which the sealing member is enclosed and retained. As

shown in the Figure, the woven, braided, or knit structure of the restraining member 40

material allows for expansion of the restraining member 40 to accommodate the sealing

member 22. After inserting the sealing member 22 into the restraining member 40, the open

end of the restraining member 40 (through which the sealing member has passed) may be

closed or sealed to fully enclose the sealing member 22, as shown in Figure 9F. In addition, a

proximal portion 41 of the restraining member 40 that extends proximally of the sealing

member 22 may be used instead of, or as a replacement for, a tether as used in other

embodiments described herein. Thus, after deployment of the sealing device 20, the proximal

portion 41 of the restraining member 40 would extend out of the incision tract and may be used

to manipulate the sealing device 20 and/or to remove the sealing device 20 from the incision if

necessary.

Figure 9F illustrates one embodiment of the complete sealing device 20 in its

predeployment, unexpanded state. This state, in which the sealing device 20 has a reduced

profile, is suitable for loading the device 20 into an appropriate delivery device, such as the

delivery devices described previously herein. The sealing device is then able to be delivered

by, for example, expelling the device out of the open distal end of a delivery tube, into an

incision tract and near an opening in a target blood vessel. Upon exposure to blood flow, the

sealing member 22 within the sealing device will expand, as illustrated by the arrows "E" in

Figure 9G. This expansion will cause the sealing device 20 to lodge firmly within the incision

tract, sealing the incision against blood flow.

Figures 9H and 91 show a sealing device 20 similar to that described above in relation

to Figures 9F and 9G5 but also including a tether 24. The tether 24 is preferably attached to the

sealing member 22 and the restraining member 40, and may be used to manipulate the sealing

device 20 after deployment, or to remove the sealing device 20 from the incision if necessary.

For example, as shown in Figure 91, the tether 24 may be attached to the sealing member 22

and restraining member 40 in a manner that allows the user to exert an upward force (see

arrows "F") on the tether that increases the radial expansion (arrows "E") of the sealing

member 22 inside the restraining member 40. This increased radial expansion due to

mechanical manipulation of the sealing device will increase the ability of the device to lodge

firmly within the incision tract, seal the incision against blood flow, and promote hemostasis.

As noted above, the several embodiments of the sealing device described herein are

preferably constructed of components formed entirely from bioabsorbable materials. However,
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each of the foregoing embodiments may also be constructed of a combination of one or more

components formed from bioabsorbable materials, and one or more components formed from

non-bioabsorbable materials.

While the invention is susceptible to various modifications, and alternative forms,

5 specific examples thereof have been shown in the drawings and are herein described in detail.

It should be understood, however, that the invention is not to be limited to the particular forms

or methods disclosed, but to the contrary, the invention is to cover all modifications,

equivalents and alternatives falling within the spirit and scope of the appended claims.
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We Claim :

1 . A device for substantially sealing a wound that extends through tissue to an

opening in a body lumen comprising:

a restraining member comprising a first bioabsorbable material and defining an interior

space therein, and

a sealing member comprising a second bioabsorbable material at least partially located

within the interior space of said restraining member.

2. The device of claim 1 further comprising a tether attached at a first end to said

sealing member.

3. The device of claim I, wherein said first bioabsorbable material is the same as

said second bioabsorbable material.

4. The device of claim 1, wherein said first bioabsorbable material is selected from

the group consisting of polyglycolic acid, polylactide, polyglycol-lactide acid, collagen, and

hydrogel.

5. The device of claim 1, wherein said restraining member comprises a porous

member.

6. The device of claim 5, wherein said restraining member comprises a material

having a knit, braided or woven construction.

7. The device of claim 5, wherein said restraining member is a tubular fabric

member and said sealing member is a coiled foam pad enclosed by said tubular fabric member.

8. The device of claim 7, wherein said coiled form pad comprises a hydrogel.

9. A method for substantially sealing a wound that extends through tissue to an

opening in a body lumen, comprising:

providing a sealing device comprising a hydrogel material, and

deploying the sealing device in the wound.

10. The method of claim 9, wherein said sealing device comprises a restraining

member comprising a first bioabsorbable material and defining an interior space therein, and a

sealing member comprising a second bioabsorbable material at least partially located within the

interior space of said restraining member.

1 1 . The method of claim 10, wherein said sealing device further comprises a tether

attached at a first end to said sealing member.
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12. The method of claim 10, wherein said first bioabsorbable material is selected

from the group consisting ofpolyglycolic acid, polylactide, polyglycoHactide acid, collagen,

and hydrogel.

13. The method of claim 10, wherein said restraining member comprises a material

having a knit, braided or woven construction.

14. The method of claim 13, wherein said restraining member is a tubular fabric

member and said sealing member is a coiled foam pad enclosed by said tubular fabric member,

15. The method of claim 14, wherein said coiled form pad comprises a hydrogel.

16. A device for substantially sealing a wound that extends through tissue to an

opening in a body lumen comprising:

a sealing member, at least a portion of which having a first radial dimension for

delivery of said sealing member into the wound and a second radial dimension upon delivery

into said wound and exposure to fluid flow associated with said wound, the second radial

dimension being larger than the first radial dimension, and

wherein said sealing member comprises a hydrogel.

17. The device of claim 16, further comprising a tether connected to said sealing

member and having a length sufficient to extend externally of said wound after delivery of the

sealing member.

18. The device of claim 17, further comprising a stop member at a terminal end of

said tether, said stop member adapted to retain the sealing member on the tether.

19. The device of claim 17, further comprising a first endcap located on the tether

on a first side of said sealing member, and a second endcap located on the tether at a second

side of said sealing member.

20. The device of claim 16, wherein said sealing member comprises a plurality of

disc-shaped members.

2 1 . The device of claim 1 6, further comprising a restraining member comprising a

first bioabsorbable material and defining an interior space therein, said sealing member being

located at least partially within the interior space of said restraining member.

22. The device of claim 21, wherein said first bioabsorbable material is selected

from the group consisting of polyglycolic acid, polylactide, polyglycol-lactide acid, collagen,

and hydrogel.
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